Introduction {#Sec1}
============

The increased prevalence of obesity is causing a great need for effective intervention programs \[[@CR1]\]. Even though a possible leveling off of the obesity epidemic has been observed, prevention of obesity should remain a priority, as previous periods of stability in the epidemic have generally been followed by further increases \[[@CR2]•\]. Numerous controlled primary intervention studies among children and adolescents have been conducted during the past 20 to 30 years, the majority of which were unable to prevent excessive weight gain. A Cochrane review from 2005 suggested that less than 20% of the interventions on children published between 1990 and 2005 showed an effect and further suggested that a focus on short-term behavior change was unlikely to have a sustained impact on the weight status of children \[[@CR3]\]. The review concluded that the current evidence suggests that many diet and exercise interventions are in fact not effective in preventing excess weight gain in children, despite being apparently able to change diet and physical activity behavior in a more healthy direction. In this regard, the general lack of success in preventive interventions may relate to the fact that obesity is not simply an environmental cause, but is also under the influence of genes and pre- and perinatal factors \[[@CR4]\]. It has been shown that some subgroups are at a particularly high risk of becoming obese, based on biological factors such as obesity among first-degree relatives and high birth weight \[[@CR5]\], or based on cultural factors such as socioeconomic status or ethnicity \[[@CR6]•\]. In the face of the general lack of successes in the previous interventions, it may be suggested that a target of those subgroups who are particular susceptible to overweight and obesity may prove to be a more effective intervention strategy than targeting general populations, where intervention effects confined to high-risk individuals may be diluted. In this regard, predisposition to obesity may be defined as individual, pre-existing differences in certain characteristics that are associated with increased likelihood of excess weight gain from normal weight to overweight and obesity \[[@CR7]\].

The purpose of the present paper was to review results from recent obesity intervention preventions published during the past year, and to examine if studies targeting high-risk groups or individuals seem more successful in relation to preventing overweight and obesity than studies targeting general population groups.

Materials and Methods {#Sec2}
=====================

A literature search was conducted in the Medline database, using the keywords "obesity prevention," "obesity intervention," "obesity predisposition," "obesity susceptibility," and "prevention high-risk obesity" and filtering studies conducted on humans and published in English during the last year (September 2010--September 2011). Only intervention studies were included.

Inclusion criteria were interventions targeting prevention of overweight or obesity, applying one or more anthropometric measurements as outcome and reporting the effects of the interventions on anthropometric measurements. Exclusion criteria were interventions targeting treatment of overweight or obesity, not applying anthropometric measurements as outcome, targeting non-healthy individuals, study protocols, and studies reporting other aspects of the intervention than the effects on anthropometric measurements.

All studies included in the search were reviewed for the setting of the intervention, the sample size, fraction of normal weight and overweight subjects at baseline and if the effects of the intervention for the normal- and the overweight subjects were reported separately. Furthermore, the studies were reviewed for whether the intervention targeted one or more groups at high risk of developing overweight, if the study population consisted of infants (0--2 years), children (3--12 years), or adolescents (13--19 years), and the size of the effect of the intervention. Finally, those studies that targeted one or more groups at high risk of developing overweight were further examined to determine if the high risk was biological or cultural.

Results {#Sec3}
=======

A total of 15 studies met the inclusion criteria (Table [1](#Tab1){ref-type="table"}).Table 1Intervention studies according to age group, *n*, setting, baseline fraction of normal weight and overweight participants, targeting high-risk groups and significant effect of the interventionStudyAge group*n*SettingBaseline fraction normal weight/overweight (including obese)Targeting high-risk groupsSignificant effect of the interventionKaranja et al. \[[@CR21]\]Infants205Community vs community and family-based61%/39%Yes+^a^ (BMI z-score, community and family-based intervention received)Paul et al. \[[@CR17]\]Infants160Home (2 different interventions, reception of none, one, or both interventions)Not reportedNo+^b^ (Weight-for-length percentile, both interventions received)Robinson et al. \[[@CR22]\]Children261Community centers and family-based vs individual49%/51%Yes- (BMI)Wake et al. \[[@CR18]\]Infants328Well-child centersNot reportedNo- (BMI z-score, percentage overweight/obese, WC)Nemet et al. \[[@CR16]\]Children725Kindergarten72%/28%Yes+^a^ (Number of overweight)- (BMI)Balas-Nakash et al. \[[@CR8]\]Children319School (2 different interventions compared)54%/46%No- (BMI, body fat)Foster et al. \[[@CR9]\]Children4603School50%/50%Yes+^a^ (BMI z-score)+^a^ (Prevalence obesity)- (Prevalence overweight/obesity)Tucker et al. \[[@CR10]\]Children99School72%/27%No- (BMI, BMI percentile)Hawthorne et al. \[[@CR11]\]Children1074School55%/45%Yes- (BMI, WC)Lubans et al. \[[@CR12]•\]Adolescents100School65%/35%Yes+^b^ (BMI)+^b^ (BMI z-score)+^a^ (Body fat)- (WC)Hoffman et al. \[[@CR13]\]Children297SchoolNot reportedNo- (BMI)Klesges et al. \[[@CR19]\]Children303Community centers and YMCAs43%/57%Yes- (BMI)Luoto et al. \[[@CR20]\]Infants159Antenatal clinicsNot reportedNo- (BMI)Neumark-Sztainer et al. \[[@CR14]\]Adolescents356School54%/46%No- (BMI, body fat)Hendy et al. \[[@CR15]\]Children382School65%/35%No- (BMI percentile)^a^*P* ≤ 0.05^b^*P* ≤ 0.01*BMI* body mass index, *WC* waist circumference

Setting {#Sec4}
-------

Of the 15 studies included, 8 interventions were conducted in a school setting \[[@CR8]--[@CR11], [@CR12]•, [@CR13]--[@CR15]\]. One study was conducted in a kindergarten setting \[[@CR16]\], one study was conducted in a home setting \[[@CR17]\], and three studies were conducted in health centers or clinics \[[@CR18]--[@CR20]\]. Two studies compared interventions with two different settings, a community versus a community and family-based intervention \[[@CR21]\] and a community center and family-based intervention versus an individual intervention \[[@CR22]\]. These two studies were consequently not able to compare the effects of the intervention to a control group. One study did not include a control group \[[@CR11]\]. One study compared two different interventions, one with less intense physical activity and one with aerobic exercises, and found a significant effect of the prevalence of overweight and obesity in both groups, but no significant difference between the groups \[[@CR8]\]. Effects did not appear to be systematically dependent on the setting in which the intervention was conducted (Table [1](#Tab1){ref-type="table"}).

Participants {#Sec5}
------------

All studies were conducted in infants, children, or adolescents. None of these study populations consisted of only normal weight individuals, but included both normal weight and overweight/obese in various fractions (Table [1](#Tab1){ref-type="table"}). Eleven studies reported the baseline fraction of normal weight or overweight participants \[[@CR8]--[@CR11], [@CR12]•, [@CR14]--[@CR16], [@CR19], [@CR21], [@CR22]\], whereas in the remaining four studies this information was not available. One intervention was conducted in pregnant women only 4 weeks before expected delivery, and was consequently unable to report the baseline distribution of normal weight and overweight \[[@CR20]\].

Outcome {#Sec6}
-------

Most studies examined effects of the intervention in relation to changes in body mass index (BMI) or BMI z-scores (Table [1](#Tab1){ref-type="table"}). Only two studies reported a change in percentage body fat; here, one study reported an effect \[[@CR12]•\], whereas the other did not find an effect of the intervention \[[@CR14]\]. Thus, the results of the reviewed intervention studies did not seem to depend systematically on the choice of the anthropometric outcome measure (Table [1](#Tab1){ref-type="table"}).

Intervention Effects {#Sec7}
--------------------

A total of five studies found a significant positive effect of the intervention \[[@CR9], [@CR12]•, [@CR16], [@CR17], [@CR21]\]. Two studies showed an effect on the prevalence of overweight/obesity, whereas three studies showed an effect on BMI or BMI z-score (Table [1](#Tab1){ref-type="table"}). Of the five studies that were able to show a significant effect of the intervention, four studies targeted one or more groups at high risk of developing overweight \[[@CR9], [@CR12]•, [@CR16], [@CR21]\].

High-Risk Samples {#Sec8}
-----------------

Eight studies did not target high-risk groups (Table [1](#Tab1){ref-type="table"}) and among these, only one study showed a significant positive effect of the intervention \[[@CR17]\]. Seven studies targeted one or more high-risk groups \[[@CR9], [@CR11], [@CR12]•, [@CR16], [@CR19], [@CR21], [@CR22]\]. Of these seven studies, four were able to show a significant effect of the intervention (Table [1](#Tab1){ref-type="table"}).

Defining High Risk {#Sec9}
------------------

Table [2](#Tab2){ref-type="table"} shows the characteristics and effects of the interventions that targeted high-risk groups. Five of seven studies defined high risk based on ethnicity and/or socioeconomic status \[[@CR9], [@CR11], [@CR12]•, [@CR16], [@CR21]\]. One study identified high-risk individuals based on ethnicity or parental overweight \[[@CR19]\], and one study identified predisposed individuals based on ethnicity, low income, and parental overweight \[[@CR22]\]. However, there was no information on the proportion of participants selected based on each of the risk factors. The success of high-risk interventions did not appear to be dependent on the setting of the intervention (Table [2](#Tab2){ref-type="table"}).Table 2Interventions targeting high-risk groups according to exact risk factor, cultural/biological risk factors used to classify "high risk," and significant effect of the interventionStudySettingExact risk factors used to classify "high risk"Cultural/biological risk factors used to classify "high risk"Significant effect of the interventionKaranja et al. \[[@CR21]\]Community vs community and family-basedEthnicityCultural+^a^ (BMI z-score, community and family-based intervention received)Robinson et al. \[[@CR22]\]Community centers and family-based vs individualEthnicityCultural- (BMI)Socioeconomic statusCulturalParental overweightBiologicalNemet et al. \[[@CR16]\]KindergartenSocioeconomic statusCultural+^a^ (Number of overweight)- (BMI)Foster et al. \[[@CR9]\]SchoolEthnicityCultural+^a^ (BMI z-score)Socioeconomic statusCultural+^a^ (Prevalence obesity)- (Prevalence overweight/obesity)Hawthorne et al. \[[@CR11]\]SchoolEthnicityCultural- (BMI, WC)Socioeconomic statusCulturalLubans et al. \[[@CR12]•\]SchoolSocioeconomic statusCultural+^b^ (BMI)+^b^ (BMI z-score)+^a^ (Body fat)- (WC)Klesges et al. \[[@CR19]\]Community centers and YMCAsEthnicityCultural- (BMI)Parental overweightBiological^a^*P* ≤ 0.05^b^*P* ≤ 0.01*BMI* body mass index, *WC* waist circumference

Discussion {#Sec10}
==========

In the studies published on prevention of overweight and obesity over the past year, nearly half targeted groups or individuals susceptible to future overweight or obesity. Intervention studies that did not target high-risk groups generally were unable to show an effect of the intervention (Table [1](#Tab1){ref-type="table"}). This may reflect that most intervention effects were not sufficiently large to induce significant overall change, and it is probable that effects may have been observed, if only the subgroup of individuals with a predisposition to obesity had been included. This notion is substantiated by the finding that more than half of the studies targeting high-risk groups showed significant positive results compared with only 1 in 8 of the studies targeting non-selected groups.

We found that interventions targeting high-risk groups and conducted in school settings appeared to be slightly more effective than studies conducted in community settings (Table [2](#Tab2){ref-type="table"}). However, it may be argued that when high-risk individuals are selected on group level (eg, schools in a low socioeconomic area), clearly there will be a variation in the susceptibility between individuals, and thus not all individuals included may in fact be susceptible to overweight and obesity, which may have caused inflation of the results.

As suggested by Sørensen \[[@CR7]\], there may be a distinction between predisposition, operating unmodified by the normally occurring environmental variation, and susceptibility, which is modifiable predisposition. When planning prevention studies it may therefore be important to consider which risk factors reflect modifiable predisposition or susceptibility to obesity \[[@CR7]\]. Thus, it may be hypothesized that different interventions have different effects depending on whether the study population is predisposed or susceptible to obesity. As far as we know, interventions targeting high-risk individuals have hitherto not been evaluated in different target populations, but ideally the efficiency of interventions should be evaluated in study populations selected on the basis of different risk factors. This may alleviate identifying more precisely which risk factors reflect unmodifiable predisposition and which risk factors reflect susceptibility, and may in a long-term perspective make it possible to identify groups or individuals based on the most efficient risk factors to intervene against.

Among the reviewed studies, the vast majority targeted predisposed groups or individuals at high risk due to low socioeconomic status or ethnicity, whereas only two studies included parental overweight (Table [2](#Tab2){ref-type="table"}). In this context, it may be discussed if ethnicity is a biological or a cultural risk factor. Ethnicity may be classified as a biological risk factor, with the susceptibility for future overweight and obesity being expressed as variations in genetic predisposition to overweight and obesity \[[@CR23]\]. Conversely, ethnicity may also be classified as a cultural risk factor, being a marker of (low) socioeconomic status and in some cases lifestyle and behavior associated with overweight and obesity. Consequently, the impact of ethnicity on susceptibility to overweight and obesity may vary according to country or culture, since social status and lifestyle related to ethnicity may differ between countries and cultures. In addition, it may not be completely unproblematic to classify ethnicity, as some individuals may have bi-ethnic parents or grandparents.

Similar concerns may be relevant to consider in relation to low socioeconomic status. Thus, it may be argued that low socioeconomic status is not purely a cultural factor, but can also be considered a marker of biological risk (eg, overweight in first-degree relatives). Thus, the objectives for selecting a specific group of predisposed individuals should be considered thoroughly prior to planning of the intervention.

The available studies do not answer the question on how to best define high-risk status or how the definition of high-risk status may interact with the nature of interventions. If the risk of future overweight and obesity approximate a normal distribution in the population, a relatively small number of individuals may be at substantial risk, and this raises the issue of whether the efficacy of interventions is primarily related to absolute risk or relative risk. If the population distribution of risk is positively skewed, it will be easier to use a definition of high risk, which includes a large number of individuals with both substantial relative and absolute high risk of developing overweight and obesity. Irrespective of the definition of high risk, some individuals will be at higher risk than others (different levels of susceptibility), and consequently future studies should evaluate interventions in samples of different levels of susceptibility.

Furthermore, the effects of different interventions may not only depend on the quantitative risk, but also on the factors leading to increased risk. Thus, preventing obesity in individuals with biological predisposition may require different approaches than in individuals with cultural predisposition. Biological susceptibility may not only require different lifestyle and behavioral changes than social and cultural susceptibility, but it may also be hypothesized to have a weaker association with socioeconomic status, and may therefore have a different starting point and need different or even shorter interventions. Moreover, there may be a difference in the level of motivation and the required motivation techniques between individuals predisposed based on either biological or cultural factors. However, investigating differences between biological and cultural susceptibility in relation to interventions may be challenging, due to the previously described complexity in distinguishing between biological or cultural risk factors. One way to overcome this challenge may be to conduct studies comparing interventions in samples with clearly defined biological susceptibility (eg, high birth weight) or clearly defined cultural factors (eg, children with both parents being the same ethnicity).

The studies included in this review were performed in children or adolescents. The lack of interventions aiming at preventing obesity among adults is striking, but may depend on the increased focus on childhood obesity in general, or be the result of the recent literature concluding that prevention should start as early as possible \[[@CR24]\].

None of the reviewed studies examined effects of intervening according to individual needs and resources rather than an intervention "package" delivered to all participants. Thus, interventions targeting at an individual level are needed in future studies. It may be speculated that the level of predisposition to future overweight and obesity varies according to what risk factor is selected for defining the predisposition. As the vast majority of the reviewed interventions targeting predisposed individuals considered socioeconomic status or ethnicity, more studies are needed that select individuals based on biological risk factors, such as high birth weight, low birth weight or early catch-up growth. This has also been suggested by a recent report of action by the Danish Board of Technology, concluding that "in order to curb the obesity epidemic, ....there is a need for improving the effect of obesity prevention in those groups who are in the highest risk of overweight and obesity" \[[@CR25]\]. The report outlined specific obesity prevention intervention projects that targeted explicit high-risk groups and gave suggestions as to how such efforts could be implemented in existing settings and arenas.

Compared with the results from many of the earlier studies and reviews \[[@CR3], [@CR26]\], it seems that an increasing number of the more recent studies were able to show an effect. This may reflect improved interventions in general, publication bias, or as suggested here, that the more recent studies to a higher degree than previously reported focused on targeting high-risk groups in obesity prevention.

Since none of the studies in the present review were focusing on normal weight predisposed individuals only, none of them can be considered primary prevention interventions of overweight and obesity. In fact, only one study examined the intervention effects separately for normal weight and overweight participants and that study found that both among the normal weight and overweight children there was a decline in BMI percentile after a 3-month intervention. They also found that the children who were overweight at baseline regained weight 6 months later \[[@CR15]\]. Thus, whether the effects reported from most of the included studies were consequences of treating obesity instead of preventing it cannot be evaluated. In the search for effective tools for obesity prevention, it may be of high relevance to distinguish between primary prevention, where weight development among those normal weight subjects is considered, and secondary prevention, where overweight is treated or prevented from developing further, as the same type of interventions may not have the same effect for the two types of prevention interventions.

In summary, the literature included in this review suggests that targeting susceptible groups or individuals in obesity prevention may be a more effective way to prevent obesity than to target general population samples. However, it may be argued that even if there is still only few targeted interventions, this strategy may be preferable. Susceptible individuals may be selected based on phenotypical rather than genotypical characteristics, as the observed effects on future obesity development from recently identified genetic loci are small \[[@CR27]\]. Only a few percentage of the variance in BMI can be explained by obesity susceptibility loci variants, whereas genetic factors in general has been shown to explain between 40% and 70% of the variation in common obesity in family and twin studies \[[@CR27]\]. Consequently, at present, it may be a more efficient strategy to select intervention groups based on predisposing factors, which have been documented to explain a substantial part of the variance in obesity (ex, individuals with obesity among their first-degree relatives).

Conclusions {#Sec11}
===========

Interventions targeting high-risk groups may be more effective in preventing overweight and obesity compared with interventions targeting general population groups. However, most of the previous studies that used high-risk strategies to identify susceptibility to future overweight and obesity, were selecting high risk individuals based on their ethnicity or socioeconomic status only, and more studies targeting individuals with for example a high birth weight or an early catch-up growth are needed.
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